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Abstract

Recent advancements in the fields of biology and nanotechnology, have motivated
scientists and engineers to create biologically inspired nanoscale devices called bio-
nanomachines that are capable of interacting with biological systems at the nano and
micro scale environments. Some of the envisioned applications of such bio-nanomachines
include development and deployment of biohybrid systems, nanoscale sensors, targeted
drug delivery, internet of nano-things, and body area networks. Using traditional elec-
tromagnetic communication at such scales is challenging and inefficient, necessitating
the use of other communication paradigms. Of all the available options, molecular com-
munication, where information is exchanged between the transmitter and the receiver
through the exchange of information molecules, has emerged as the most promising
one. Molecular communication is going to play a crucial role in the development of
the internet of nano-things and related application areas. Therefore, in this thesis, we
present a realistic and tractable analytical framework for analyzing a molecular com-
munication channel and provide the performance analysis of such channels in terms of
capacity and symbol error probability.

Most of the works in the existing literature have largely dealt with diffusion involv-
ing drift. Here, the noise term has an exponentially decaying tail similar to that of the
Gaussian distribution. However, unlike these channels, the noise term in the case of
molecular timing channels with pure diffusion belongs to the class of a-stable distribu-
tions which have stable tails. Some papers in the recent literature have tried to deal
with this drift free channel and the stable nature of the Lévy distributed additive noise
by considering a Lévy distribution with abrupt truncation, where the distribution just

ceases to exist after a certain interval of time has elapsed. Although this approach does
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allow a mathematical analysis of the drift free molecular timing channel, it is highly
unrealistic and very difficult to achieve in practice. To overcome this, we adopt a more
realistic exponential degradation model for information particles, which well models
the natural decay of particles.

Apart from this, the problem of utilizing the channel diversity in case of molecular
communication to improve its performance has not been studied in depth in the existing
literature. We also propose use of the first arrival position information at the receiver
to introduce diversity in the design of the molecular channels.

As molecular communication is envisaged to play a vital role in application areas
such as biomedical, environmental, and manufacturing, it is beneficial to consider phys-
ically realistic molecular communication systems. This has motivated us to consider
channels with turbulent flows also, as turbulent flows are highly prevalent in nature
as well as engineering problems and to analyze such channels from a mobile molecular
communication perspective. We consider a mobile molecular communication system
where the fluid medium has a fully developed homogeneous turbulence, and both the
transmit and the receive nano-devices are mobile. We derive its statistical proper-
ties like mean, correlation function, and distribution functions to fully characterize
and describe this communication channel. We provide the performance analysis of
these molecular communication channels and give novel closed form expressions for the

channel statistics and the first arrival position density.
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